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Abstract.
It is assumed that six functional relations exist between the components of stress and their first m material time derivatives and the gradients of displacement, velocity, acceleration, second acceleration, • • • , (n -l)th acceleration. It is shown that these relations may then be expressed as relations between the components of m + n + 2 symmetric tensors if n > to, and 2m + 2 symmetric tensors if m > n. Expressions for these tensors are obtained.
1. Introduction. It has been shown by Rivlin and Ericksen [1] f that if we assume that the components of stress t{i , in a rectangular Cartesian coordinate system , at any point of a body of isotropic material undergoing deformation, are single-valued functions of the gradients of displacement, velocity, acceleration, •••,(» -l)th acceleration in the coordinate system x{ at the point of the body considered, then the stress components may be expressed as functions of the components of (n + 1) symmetric tensors defined in terms of these gradients.
We describe the deformation by Xi = x,(X; , t), (1.1) where x{ denotes the position, at time t, in the coordinate system , of a material particle which was located at Xt in the same coordinate system at some other instant of time T. Let ViU, v\2>, t\<3), • • • , v\n) denote the components of velocity, acceleration, second acceleration, • • • , (n -l)th acceleration at time t, in the coordinate system xt , of a material particle located at xt . Then, if we assume where D/Dt denotes the material time derivative. This result was obtained from the consideration that the form of the dependence of the stress components on the gradients of the displacement, velocity, acceleration, •••,(» -l)th acceleration must be independent of the particular choice of the rectangular Cartesian coordinate system x( . It will be shown in the present paper, from similar considerations, that if, instead
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of describing the dependence of the stress components on the deformation by six functional relations of the type (1.2), we have six independent functional relations of the form (dx^ dvlT_ dv™_ f Dt* VX* I _ ft n 41
then these functional relations must be expressible in the form
f n > m, and in the form Zaremba [2] introduced a rate of change of stress tensor, which is given in terms of the tensors tti , A™ and S"' by -%tkiAl" -It may be remarked that Eqs. (1.4) and (1.5) are not, in general, sufficient for the determination of the stress resulting from the subjection of the material to a specified deformation history. They may be regarded as a set of six independent differential equations in six dependent variables <<,(<" = <,-,•) and one independent variable t. Suitable "initial" conditions at specified values of t must be chosen if the equations are to have a solution. However, we are concerned here only with the limitations which must exist on the form of the relations (1.4), as a result of the necessity that they are invariant under a transformation from one orthogonal coordinate system to another, quite apart from any question of the sufficiency of the equations for the determination of the stress components.
2. The deformation tensors. It is well known that if ds is the distance at time I between two material particles of a body, undergoing a deformation described by (1.1), which are located at x, and x, + dx{ in the rectangular Cartesian coordinate system x, , where X< and X{ + dX{ are the positions of the particles at a previous instant of time T. Differentiating (ds)2 r times with respect to t, we have, from (2.1), 
where v'0) = x{ , so that dv\0) /dXj = Su , we obtain from (3. We assume that the dependence of the stress components on the deformation is described by the six functional relations (1.4) and the forms of the functions are independent of the rectangular Cartesian coordinate system in which Eqs. (1.4) are expressed. Let x*< be a rectangular Cartesian coordinate system moving in an arbitrary manner with respect to x,-and related to x{ by x* = a,, (Xj -b,) a.,ait = Sik , (4.1)
where ai;-and b, are, in general, functions of time. Let X* denote the coordinates ih the system x* of a point located at X, in the coordinate system x{ and let v*m, • • • , v*{'" be the components of the velocity, acceleration, • • • , (n -l)th acceleration respectively in the coordinate system x* . Then, if I* are the components of the stress in the coordinate system x* , we have
It has been shown in a previous paper [1, Sees. 5 and 15] that we can choose the coordinate system x* in such a way that:
(i) instantaneously at time t, the directions of the axes of x* are parallel to those of z,-, so that = fin j (4.3)
(ii) instantaneously at time t, the angular velocity, angular acceleration, angular second acceleration, • • • , angular (n -l)th acceleration of the coordinate system x* relative to xt are such that the velocity, acceleration, • • • , (n -l)th acceleration fields relative to the coordinate system x* , in the immediate neighborhood of the material particle considered, are irrotational; (iii) instantaneously at time T, the axes of the coordinate system x\ have directions relative to the coordinate system x, defined by where°« = g Co"1), , 
